(v/v) concentrations. Except for ergosterol, the supplements were added to the medium prior to autoclaving. In testing for the petite phenotype, the dextrose in the YEPD-Tween 80 medium was replaced by glycerol. Petite strains will not grow on this medium, whereas nonpetite (normal) strains will.
On a dry-weight basis, Saccharomyces cerevisiae is composed of 5 to 20% fatty acids (7) and 7 to 10% ergosterol (5), depending on the growth medium. Under normal growth conditions (aerobic, 30 C), the wild type does not require these lipids. However, they are required under anaerobiosis (2, 3) or at elevated temperatures (10) . Genetic mutations for either of these lipids have not, to our knowledge, been reported in yeast, although Adelberg et al. (1) obtained ergosterol mutants which were not stable ("temporary"). Lien a The symbols a and a represent the complementary mating type alleles; ad, ar, hi, le, ol, tr, and ur represent requirements for adenosine, arginine, histidine, leucine, oleic acid, tryptophan, and uracil, respectively. The subscripts define genetic loci that control these requirements.
bThese large map distances are only indicative of the relative gene separation because of the high frequency of multiple crossing over for these gene combinations.
of required fatty acids, this might indicate that they can remove oleic acid from the sorbitol-oleic acid ester linkage in Tween 80. If this is the case, then the process of cleavage is probably very specific, since the mutant has been found to grow very poorly on other ester derivatives, in particular, ethyl oleate and triolein.
Genetic analysis. The two mutants KD115 and KD20, which responded well to oleic acid, were found to be allelic. The oleic acid mutation (oll) in strain KD115 was subjected to genetic analysis. Regular 2:2 segregation of requirement:nonrequirement of oleic acid was observed in tetrads formed by a hybrid of KD115 and a strain not requiring oleic acid. The locus involved with the oleic acid requirement was found to be distal to the tryptophan synthetase locus (trs) on chromosome VII. This linkage was first observed in a cross with strain S2072A (a le, tr1 ar4), which yielded, among other spores, the spore KC350-8C which required oleic acid and leucine for growth. The final genetic analysis was performed on the cross KC350-8C X S1795D (a olh le, X a hi4 tr5 ad6 uri); le, and ad6 are also linked to tr5. Fortyseven complete tetrads were analyzed (Table 2) from this cross, and linkage was determined from the ascus-type ratios (9) .
Attempts to analyze genetically the mutants which responded slowly to oleic acid were precluded by poor spore viability in hybrids involving these mutants. The reason for this low spore viability is not understood yet.
DISCUSSION
Strains KD20 and KD115 are mutants that require an unsaturated fatty acid. The role of Tween 80 in supporting growth of these mutants is to provide oleic acid to the cells. The average free oleic acid in Tween 80 is 0.6% (4); this would correspond to a 2.4 X 104 M oleic acid concentration in a Tween 80-YEPD medium. When the oleic acid was used as a supplement, it was added at a concentration of 7.1 X 10-4 M. Thus, it is possible that the mutants are utilizing the free oleic acid in Tween 80 as well as actively "cleaving" it from the sorbitol moiety of this emulsifier. The intact Tween 80 may also enhance growth in a manner similar to that observed with the Triton-oleic acid-YEPD medium, that is, by emulsifying the free oleic acid and thus making it more available to the cells (since oleic acid is water-insoluble).
A similar situation has been observed in various lactic acid bacteria which require an unsaturated fatty acid (11) . Tween 80 alone, when added to the minimal medium, is found to be much more stimulatory to the growth of these bacteria than is oleic acid. When Tween 40, which acts as an emulsifier, is added to the oleic acid medium, the growth is greatly enhanced (as observed with Triton). These experiments on the lactic acid bacteria further support the double role proposed for Tween 80 for the yeast mutants of this study, i.e., as both a source of oleic acid and as an emulsifying agent.
The mutants (KD20 and KD115) which respond rapidly to oleic acid, since they require only long chain unsaturated fatty acids, are being utilized in further experiments on the role of these fatty acids in cells.
